One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 


AIMM.ICATION OK 


nuat mattk mm 

in tbe interest of eerty and nvH dis- 
semination of Earth Resources Survey 
Program information and without lllblllty 
foil’ any use made thereof." 


* 7 . 6 - 1 0.2 


5 7 


l.ANDSAT DATA TO DK.I. I M I TAT 1 ON OK 


AVALANCHI' HAZARDS IN MONTANK COLORADO 


Daniel H. Knepper 

Institute of Arctic and Alpine Research 
University of Colorado 
Boulder, Colorado 80309 


(E76-10257) APPLIC.ATION OF LANDSAT DATA TO N76-21630 

DEIIHITATICN Of AV.UAKCHE HAZARDS IN 
MONTANE, CCLOEADO Interim Report, Dec. 1975 
- Feb. 1976 (Colorado Univ.) 16 p HC $3.50 Unclas 

CSCL C8L G3/43 00257 


Contributors: D. II. Knepper 

R. Summer 


March 1976 

Interim Report for Period December 1975-February 1976 
Third Quarterly Progress Report 

Prepared for: 

Goddard Space Flight Center 
Greenbelt, Maryland 20771 


I 


( 


TECHNICAL REPORT STANDARD TITLE PACE 


(fo. ?. Covvtnmvnt Acerwion Nn. 

4. Till* end iuLlill* 

Application of LANDSAT Data to Del Iml lal Ion 
of Avalanche Hazards in Montane Colorado 

3. K«*c ipic*fit*s Cotnlog No. 

5. k<*|Hiil (Kite 

M;irclu !<)/() 

6. Prifurming Orgiinicnlinn Code 

7. Autiioi(i) 

D. H. Knepper ^ 

8. Performing Orgoniiotion Report Mo. 

9. Performing Orgoniiotion Norn* and Addroti 

Institute of Arctic and Alpine Research 
University of Colorado 
Boulder, Colorado 80309 

10. Worit Unit NoT 

11. Controct or Cront Ho. 

13. Type of Report and Period Covered 

Type II Progress 
Report: Unb-Ulb 

12. Sponsoring Agoncy Nome ond Addross 

NASA 

Goddard Space Flight Center 
Greenbelt, Maryland 20771 

14. Sponsoring Agency Code 

p5. Supplemcntory Notes 1 


Areas of active avalanching are difficult or Impossible to 
Identify with certainty on the I^ANDSAT Imagery of Colorado 
that has been studied. The major difficulty is that the 
direct indicators of avalanching are too small to be resolved 
by the LANDSAT system and/or physically similar to non-avalanche 
features common in the area. This problem, and the problem of 
the lack of stereoscopic coverage, can be overcome by inter- 
preting indirect avalanche Indicators and using small-scale 
topographic maps as a guide to interpretation. 


17. Key Werdt (S. lected by Autkor(i)) 

avalanche, LANDSAT, Colorado 


18. Distribution Statement 


19. Security Clossif. (of this report) 

20. Security Clossif. (of this poge) 

71. No. of Puges 

unc lasslf led 

unclassified 

lb 


22. Price* 


•For sale by the Clcjrin|(house for Federal Scientific nnd Technicnl 


Information, Spriiiyfu Id. Virginia 


22J5I. 


I t 

> I 


I 

1 


A 


I 



lli 


PREFACE 


repkodocibiuty op the 


Over the last several years, the Institute nl Aicf Ir and Al)iini' 

Research (INSTAAR) at the University of Colnr.idn h;n; ))een Involved Jn the 
delineation, mapping, and analysis of natural hazards In selec t i*d |)oi i lon.s 
of the Colorado Rocky Mountains. Muc h of this: re.searc'li h.is been ( cm' cm ncsl 
with the detailed delineation of snow avalanche hazards using air pliolo and 
field mapping techniques. Continuous monitoring of various t^nv 1 1 onment al 
parameters during the winter avalanche cycle has produced slgiiiliiant ad- 
vances In the field of avalanche prediction and forecasting foi lotnl areas. 

In June 1975, INSTAAR began research for tlie National Aeronaut Ic.s and 
Space Administration (NASA contract NAS5-2091A) cm a new ap]>roach to 
avalanche hazard Investigation. The purpose of this rcsearth is to analyzo, 
evaluate, and apply LANDSAT imagery for delineating <ind mapping av.ilanche 
hazards In the Colorado mountains. Research is currently being i! i la ted 
toward six primary objectives: 

(1) Compilation and analysis of historical avalanche records Ic j cause./ 
effect and frequency information. 

(2) Identification of avalanche hazard terrain characteristic': detectable 
on LANDSAT Imagery. 

(3) Determination of relative usefulness of LANhSAT Imageiy Im a alanclu’ 
hazard mapping. 

(A) Determination of useful schemes fi'"" cartographl'ca I Jy i oi>i c.m at 1 ug 
avalanche hazards. 

(5) Using the synoptic and repetative aspects of I.ANDSAT l‘>i 

regional avalanche hazard mapping and analysis. 

(6) Examining the cost/benefits of avalanche hazaid luv« silg,at! 


Secondary, and purely experimental, objectives of the research project .ire 
as follows: 

(1) Investigation of potential usefulness of I.ANf)SAT derived Inlorm.il Ion 
as Input to avalanche forecast or warning systems. 

(2) Investigation of the usefulness of LANDSAT Imagery for mapping major 
landslide areas. 

During the report period (1 December 1975 - 29 February 1976), rescarrh 
was conducted by two INSTAAR research staff members, one full-time and 
one part-time. Two full-time researchers will be working on the project 
during the next report period. During this report period, studies have 
shown that : 

(1) With rare exceptions, avalanche areas cannot be uniquely ident it led 
on LANDSAT imagery. Interpretations of the Imagery based on other 
than direct evidence does, however, allow a reasonable approximll n 
of the distribution of avalanches to be made. 

(2) Frequent reference to small-scale topographic maps during LANDSAT 

imagery Interpretation allows good interpretations to be made in 
areas where stereo is not available. 

(3) Avalanche hazard mapping on a regional scale Is best conducted iisJuu 
LANDSAT imagery in conjunction with supplementary data sources. Tl:.- 
level of detail attained by this mapping will be limited by the- nii 
of supplementary data used and the scale of the final map. 
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INTRODUCTION 


This report summarizes the work conducted by the Institute of Arctic 
and Alpine Research (TNSTAAR), University of Colorado, during the period 
1 December 1975 - 29 i'ebruary 1976, under contract NAS5-2091A to the 
National Aeronautics and Space Administratlon/Coddard Space Flight Center. 

During the report period. It was concluded that avalanche hazard 
areas cannot be uniquely Identified on LANDSAT imagery, except In rare 
Instances. Consequently, a methodology for using supplementary Information 
In conjunction with the LANDSAT Imagery was developed and the new method 
was used for avalanche hazard mapping In the Durango and Montrose quad- 
rangles (1:250,000). The new method Involves distinguishing three levels 
of avalanche hazard based on LANDSAT imagery Interpretations, topographic 
map analysis, and Identification of known avalanche areas: (1) potential — 

from elevation and relief considerations; (2) interpreted — from IJVNDSAT 
Imagery In conjunction with small-scale topographic maps; and (3) Identi- 
fied — from historical documentation and field and air photo Inspection. 


RFJ>RODUCmil-ri'Y OF THE 


IDENTIFICATION CRITERIA 


Research conducted during the previous report period (1) Indicated 
that direct Indicators of avalanche activity, Including vegetation and 
snow distribution patterns, could not be consistently interpreted from 
single-band, black and white positive transparencies of LANDSAT Imagery 
of the San Juan Mountains. Further studies during this report period 
have substantiated this conclusion, and we nov; fe<il that, with rare 
exceptions, avalanche areas cannot be uniquely I dentified on available 
LANDSAT Imagery even when using stereoscopic analysis techniques. 

This statement Is based on the premise that In order to Identify 
avalanche areas. It roust be possible to Identify evidence that Is the 
direct result of avalanche activity (direct Indicators). In the general 
case, these direct Indicators have proved extremely dirflcult to detect, 
and nearly Impossible to Identify, on the LANDSAT Imagery of southwestern 
Colorado. The difficulty stems from two considerations. First, the 
direct Indicators of avalanche activity that are so apparent on air photos 
and In the field are, for the most part, too small to be adequately re- 
solved on LANDSAT Imagery. In our studies of IJ^NDSAT imagery of known 
avalanche areas, where direct indicators are well-developed and relatively 
large, we have been able to detect the presence of these Indicators, but 
the depiction of these features on the Imagery Is too vague for positive 
Identification to be made. Therefore, the best we can do Is to Interpret 
them and attempt to substantiate the Interpretation by other methods. 

Second, the appearance of common avalanche Indicators on the UINDSAT 
Imagery Is often similar to common non-avalanche features. For example, 
trlmllnes are easily confused with (1) timber line, (2) tree line between 



slopes and adjacent valley bottoms, and (3) ahndow/non-shadow boundaries. 
Each has similar Rcometry and (1) and (2) above and trimllnes are pltysl- 
cally and, consequenl I y , spec t. rally similar. 

It may be possible to Improve the identification, or tentative 
Identification, of avalanche hazard Indicators by enhancing the LANDSAT 
Imagery. The INSTAAR Spatial Data Systems Model 703, after long delay, 
has finally been repaired and will be used during the next report period. 

An alternative, digital processing, was discussed with the U.S. Geological 
Survey, Denver, bet limitations on their time are such that It Is doubtful 
whether they will be able to prepare any digitally-enhanced imagery for us. 
In addition, further study of the size of the direct avalanche Indicators 
that we would be trying to Identify Indicates that, by and large, these 
features are too small to be resolved by the LANDSAT system, so It Is 
doubtful whether any kind of enhancement will significantly improve the 
ability to Identify these features on the Imagery. 

Since the Identification of avalanche areas on LANDSAT Imagery Is so 
rare In comparison to the actual number of avalanche areas present , a 
regional delineation of avalanche hazards based only on LANDSAT Imagery 
analysis does not appear to be viable; such a map would be truly mlsrepre- 
sentatlve of the actual distribution of avalanche areas. The question Is, 
then, how much can we rely on "interpretative" evidence and still produce 
a reasonably accurate map considering the scope of this investigation? 

As previously reported, the Interpretation of indirect indicators ot 
avalanches does give a reasonable depletion of the distribution of 
avalanches In the known areas where we have used this method; It Is fair 
to say that rarely have areas subject to avalanching been IncorrtM-tly In- 
terpreted as avalanche-free. However, the relatively low level ol detail 


that can be attained and the cumulatively large area that Is interpret 
as avalanche terrain when It Is not, are drawbacks that cannot be igiiorcvl 


even In small-scale, regional avalanche hazard mapping, 
can be significantly improved by using supplemental data 
the LANDSAT Imagery as discussed below. 


This situation 
in addl t ion i <• 


AVALANCHE HAZARD MAPPABILITY 


ThuH Cnr we have determined that the ri‘Klon.il niappliiK ef avaJaiulie 
hazards cannot be done In enough detail using IJ^NDSAT Imagery alone. 
However, the interpretation of LANDSAT Imagery, Integrated wi»h readily- 
obtained supplementary Information, should provide a much sounder base for 
regional avalanche hazard mapping. During this repor»; period, we have* 
deve.'t-oed a procedure for using selected supplementary Information In 
conjr.cclon with LANDSAT Imagery Interpretations and have begun to 
routinely apply the technique to regional avalanche hazard mapping In the 
Colorado mountains. The procedure consists of three steps that overlap 
and reinforce each other: (1) gross delineation of potent lal avalanche 

terrain; (2) Interpretation of avalanche terrain; and (3) ident 1 f 1 ca t I on 
of avalanche terrain. 

Potential Avalanche Terrain 

Potential avalanche terrain Is defined as terrain that has a topo- 
graphic configuration that will promote avalanching when suitable meremo- 
loglcal and vegetation conditions are established. The variables, mainly 
the amount of precipitation as snow, temperature and temp'^ratiire variation, 
and wind velocity and direction (meteorological) and the presence or 
absence of mature forest (vegetation), can be approximated regionally by 
considering elevation above Liea level. However, it should be noted that 
natural and man-induced events may significantly alter the "normal" en- 
vironment of an area from time to time. The delineation of pcitentlal 
avalanche terrain, then, consists of (1) defining those areas, wbicb by 
virtue of their elevation, most probably have suitable meteorulogi caJ au'l 
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vegecatlon characteristics for the development of avalanches and (2) re- 
stricting the areas defined in (1) to only those areas that have a 
suitable topographic configuration (l.e.« relief or slope) for avalanches 
to rm. This type of mapping can be conducted by analyzing topographic 
maps; the detail and accuracy attained Is a function of the scale of the 
topographic maps. 

Based on the work by Frutlger (2, Figure 1) and detailed avalanche 
hazard mapping by INSTAAR personnel (NASA Grant 06-003-200) In the Colorado 
mountains, the number of avalanches that occur is sensitive to elevation. 
^valanche8 are uncommon below 9,000 feet; between 9,000 feet and 10,000 
feet, the number of avalanche occurrences becomes significant. M«ist 
avalanches, however, take place between 10,000 feet and approximately 12,000 
feet. Above 12,600 feet, avalanches are much less common becaiise these 
areas are above timberline and are steep and exposed to high winds Chat 
tend to restrict the accumulation of snow. These elevation boundaries 
ran be easily traced on topographic maps, producing a map showing the 
relative potential for avalanches over a large region. 

This type of man can, however, he made much more accurate by ellmln- 

I 

ating those areas abu.j 9,000 feet that do not have the topographic relief 
necessary to sustain avalanching (mesas, ridge crests, valley bottoms, etc). 
Because most avalanches in the Colorado mountains occur on slopes between 
22° and 45° (2), it would be extremely useful If areas within this range 
of slope steepness could be delimited. It may be possible to obtain tills 
Information using the digital topographic data from the 1:250,000 scale 
topographic maps of montane Colorado available from the Defense M.ipping 
Service (DMS). Discussions are currently in progress with the U.S. Foresi 
Service on the possibility and practicality of using this data source. 


The alternative la to delineate areaa with thcae alope MtcepnoRNCH 
manually on the 1:250,000 scale topographic quadrangles. If this method 
Is used. It will not be possible to separate slopes above 45° because 
contour packing Is too close to accurately measure, so only those areas 
with slopes greater than 22° will be delimited. To complete the task 
In a reasonable time, the mapping will be done by visual Inspection, 
rather than by rigorous, polnt-by-polnt computations. 

Interpreted Avalanche Terrain 

Interpreted avalanche terrain Is terrain that, from Interpretation 
of LANDSAT Imagery, appears to actually undergo avalanche activity. This 
level of mapping will Involve the interpretation of Indirect (and direct 
where possible) avalanche hazard indicators from LANDSAT imagery, combined 
with frequent reference to the small-scale topographic maps and the 
potential avalanche hazard maps. The conjunctive use of these maps will 
allow good Interpretations to be made In areas where stereoscopic I.ANDSAT 
coverage is not available and will preclude the Interpretation of avalanche 
hazards In areas where environmental cotii:il t ions are roost probably not 
conducive to avalanching. 

Identified Avalanche Terrain 

The final, and most specific, level of avalanche hazard mapping is 
the delineation of known avalanche areas. This Information will be mostly 
obtained from existing detailed avalanche hazard maps, supplemented by 
air photo and field reconnaissance as time permits. Comparison of the 
known avalanche areas with the Interpreted avalanche terrain will serve as 
a measure of the utility of LANDSAT imager/ Interpretations for avalanche 


hasard aapplng. The final veralon of the avolnm-hc li/ixard map wtll 
ahow each of the three Icvcla of mapping on a common bn* e map. 


REGIONAL AVALANCHE MAPPING 


During the report period, preparation of avalanche hazard maps as 
outlined In the previous section was Initiated for the Durango and 
Montrose quadrangles (1:230,000). These maps are currently in progress 
and should be completed shortly. Mapping will then be extended to the 
remaining quadrangles during the next report period. It Is anticipated 
that these quadrangles will be finished by late May or early June. The 
preliminary maps will then be field and photo checked. Of necessity, 
field checking will not be detailed and emphasis will be placed on Iden- 
tifying areas of known avalanching that were Initially Interpreted as 
avalanches during LANDSAT imagery and topographic map analysis. 
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SIGNIFICANT RESULTS 

With rare exceptions, avalanche areas cannot be uniquely Identified 
on LANDSAT Imagery . 

Reference to small-scale topographic maps during LANDSAT Imagery 
Interpretation allows reasonable interpretations to be made in areas 
for which stereoscopic LANDSAT coverage does not exit. 

Avalanche hazard mapping on a regional scale is best conducted using 
LANDSAT Imagery in conjunction with complementary data sources. The 
level of detail of such maps will be limited by the amount and com- 
pleteness of the complementary Information used. 
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PUBLICATIONS 


No project-funded publications were prepared during the report period. 


RECOMMENDATIONS 


No specific recommendations are necessary at this time. 


FUNDS EXPENDED 


A total of $23,776 has been spent on the project. 
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